Abstract
Introduction
Nearly half of US adults have at least 1 of 10 chronic conditions listed in the National Health Interview Survey, and 25% have at least 2 chronic conditions (1) . Among Medicare beneficiaries, more than two-thirds have at least 2 chronic conditions, accounting for 93% of Medicare spending (2, 3) and resulting in decreased life expectancy (4) .
Most studies refer to multimorbidity as the "co-occurrence of multiple chronic or acute diseases and medical conditions within one person" (5, 6) . However, in addition to the lack of uniformity in defining multimorbidity (7) , several fundamental methodological challenges exist in multimorbidity research. In particular, there is a need to move beyond the traditional approach of basing our definition of multimorbidity on the presence of chronic conditions alone, because most health conditions are multifactorial (7) . In fact, the concept of geriatric syndromes emerged to explain common multifactorial conditions outside the classic chronic disease paradigm (8, 9) .
The term "geriatric syndromes" is used to "capture those clinical conditions in older persons that do not fit into discrete disease categories" (10) . Inouye et al identified shared risk factors -older age, cognitive impairment, functional impairment, and impaired mobility -for the development of geriatric syndromes, such as pressure ulcers, incontinence, falls, functional decline, and delirium (10) . Furthermore, chronic diseases and geriatric syndromes are strongly associated with disability (11, 12) .
Building on the concept of phenotype of frailty (13) and the synergistic interactions between shared risk factors (10), we posit that it is the co-occurrence (or the combination) of chronic conditions, functional limitations, or geriatric syndromes that tips the balance toward unfavorable health outcomes and greater use of resources (Box 1 in Figure 1 ). In this study, we explore the construct validity of our ordinal measure, multimorbidity, defined as the occurrence or co-occurrence of chronic conditions, functional limitations, and/or geriatric syndromes, by examining its association with prospective health outcomes (self-reported health status, decline in self-reported health, and mortality [Box 2 in Figure 1 ]) during a 2-year period. We hypothesize that multimorbidity is strongly and positively associated with each of the aforementioned outcomes, even after accounting for predisposing factors (age, sex, race/ethnicity, and marital status), enabling factors (income, insurance, and social support), and need factors (perceived health), as adapted from the Behavioral Model for Vulnerable Populations (14) . Demonstrating these associations based on empirical data provides guidance in 1) clinical practice to identify and target older adults who are most vulnerable for adverse outcomes and to design appropriate interventions and 2) research to refine risk-adjustment methodologies.
Methods
We used data from the 2008 and 2010 waves of the US Health and Retirement Study (HRS), a nationally representative sample of noninstitutionalized adults born in 1953 or earlier (15) . At each interview, self-reported data are collected on numerous domains including health and functional status, recent changes in health and functional status, chronic medical conditions, cognitive status, depressive symptoms, and various demographic characteristics. We constructed our measures from the public-use files in combination with the RAND HRS, which is a cleaned and streamlined version of the HRS (16).
The 2008 wave of the HRS contained information on 14,117 respondents aged 50 to 108. We limited our analytic sample to survey participants with complete information on the study variables. We excluded 351 respondents with nonpositive sampling weights, 314 respondents with missing information on multimorbidity, and 220 respondents with missing information on other study variables. We included proxy respondents because preliminary analyses showed that the substantive conclusions of our models were independent of whether or not proxy respondents were included. Less than 4% (n = 549) of the 2008 reports came from proxy respondents (typically the spouse) who provided answers for the focal respondents on identical or comparable measures used in the analysis. We included a control for whether a respondent was a self or proxy interview in 2008. Our final analytic sample consisted of 13,232 respondents.
Measures

Outcomes
Three binary indicators of health status in 2010 served as our outcomes of interest. First, fair or poor health status indicated that respondents reported they were in fair or poor health (compared with good, very good, or excellent) regardless of their health status in 2008. Second, "major health decline" accounted for changes in self-rated health status between 2008 and 2010. Respondents whose self-reported health declined from excellent, very good, or good to fair or poor or declined from fair to poor were coded as having a major health decline (17) (18) (19) . Third, respondents were identified as deceased when either a proxy (usually a spouse) reported a death during the follow-up interview in 2010 or the HRS identified the respondent as deceased through a probabilistic match with the National Death Index. Preliminary analyses indicated that retaining data on respondents with poor self-rated health in 2008 in our analyses did not bias our estimates.
Primary predictor
We defined multimorbidity in 2 steps. First, we identified various conditions in distinct categories of chronic conditions, functional limitations, and geriatric syndromes. Second, we created dichotomous indicators (0 or 1) to indicate the absence or presence of each condition, and we then summed the values into an ordinal indicator of multimorbidity.
We measured chronic conditions with a binary indicator for whether the respondent was ever told by a physician that he or she had at least 1 of 6 chronic conditions: high blood pressure, heart disease, stroke, diabetes, lung disease, or any cancer other than skin cancer.
Functional limitations were measured with a binary indicator for whether because of a health or memory problem the respondent had any difficulty performing 4 or more tasks (of 21 possible tasks) in any one of the following categories: standard mobility tasks (eg, ability to walk 2 or 3 blocks), strength tasks (eg, ability to lift 10 pounds), activities of daily living, or instrumental activities of daily living. Respondents were instructed to exclude any difficulties expected to last less than 3 months.
Geriatric syndromes are conditions commonly experienced by older adults that are not included in the chronic disease paradigm (8, 10) . We measured geriatric syndromes with a binary indicator of whether the respondent had 1 or more of the following 7 conditions: 1) vision impairment (rated eyesight as poor or fair even when wearing corrective lenses as usual or legally blind); 2) hearing impairment (rated hearing as fair or poor even when using a hearing aid as usual); 3) moderate or severe depressive symptoms (≥4 symptoms on the modified 8-item Center for Epidemiologic Studies Depression Scale [CES-D] [20]); 4) urinary incontinence; 5) low cognitive performance (bottom third of a 35-point scale designed to measure working memory, mental processing speed, knowledge and language, and orientation (21) or a proxy report that the respondent's cognitive performance was poor or fair); 6) persistent dizziness or lightheadedness; or 7) severe pain ("often troubled by" [22] ). Although underweight status is often also included as a geriatric syndrome, we included various categories of body mass index (BMI) as lifestyle covariates. Preliminary analyses showed that including underweight status in our measure of geriatric syndromes did not change our findings substantively, possibly because only 1.2% of the respondents were underweight.
Next, we summed the binary indicators of chronic conditions, functional limitations, and geriatric syndromes to create an ordinal measure of multimorbidity (MM) ranging from no conditions to all 3 conditions. Thus, MM0, MM1, MM2, and MM3 were defined as follows: 1) MM0, no chronic conditions, functional limitations, or geriatric syndromes (reference category); 2) MM1, occurrence (but no co-occurrence) of any one of chronic conditions, functional limitations, or geriatric syndromes; 3) MM2, the co-occurrence of any 2 of chronic conditions, functional limitations, or geriatric syndromes; and 4) MM3, the co-occurrence of all 3 of chronic conditions, functional limitations, and geriatric syndromes. Because our measures were binary, we permitted some item nonresponse on the constituent indicators and retained records missing data on no more than 2 chronic conditions, 2 geriatric syndromes, or 4 functional limitations. This inclusion criterion was especially important for geriatric syndromes since the question on depression was not asked of proxy respondents; even for self-reporting respondents we found a high degree of missingness because of the multi-item CES-D scale. The amount of item nonresponse was minor: all respondents provided complete information for the questions on chronic conditions, 98% of respondents provided complete information on functional limitations, and 93% on geriatric syndromes. Preliminary analyses requiring complete information on all indicators did not substantively change our findings.
Additional study variables
Age was measured in 5-year categories ranging from 50 to 54 (reference category) to 85 or older. Sex was measured with a binary indicator for female. Race/ethnicity was measured with 4 mutually exclusive binary indicators: white non-Hispanic (reference category), black non-Hispanic, Hispanic of any race, and a residual category of other non-Hispanic. Marital status was measured with binary indicators for married (reference category), divorced, widowed, and never married. Respondents were asked to report the number of years of schooling they had completed. Based on the distribution of the data, we measured education with 6 binary indicators: less than 9 years, 9 to 11 years, 12 years (reference category), 13 to 15 years, 16 years, and 17 years or more. We measured the ratio of household income to the federal poverty level, adjusted for household size, with 4 binary variables: less than 100%, 100% to 199%, 200% to 299%, and 300% or more (reference category). Finally, we included 4 types of lifestyle behaviors in our models. Smoking status was measured with 3 binary indicators: never smoked (reference category), former smoker, and current smoker. We measured current alcohol use with 3 binary indicators of the average number of drinks per day on days the respondent drinks: none (does not drink alcohol [reference category]); moderate (1 or 2 drinks/day); and heavy (3 or more drinks/day). We measured BMI (kg/m 2 ) with 3 binary indicators: underweight (BMI <18. with a binary indicator for engaging in vigorous "sports or activities . . . more than once a week" (questions on higher levels of engagement were not asked). A binary indicator identified cases in which a proxy provided information for the focal respondent in 2008. In our cross-sectional analyses, we included a measure of respondents' self-rated health ranging from excellent (0) to poor (4). All predictor variables were measured in the 2008 wave.
Statistical analyses
Our analyses proceeded in 2 stages. First, we conducted a descriptive analysis and examined the cross-sectional bivariate association between multimorbidity and individual characteristics in 2008. To test the association between multimorbidity and nominal characteristics we used χ 2 tests, and for ordinal characteristics we used Kendall's tau-c (τ c ), which corrects for table size. Second, we estimated multivariate logistic regression models to predict the association between multimorbidity in 2008 and each of our 3 dichotomous health outcomes in 2010 (poor or fair health, major health decline, and mortality), controlling for age, sex, race/ethnicity, marital status, education, relative household income, lifestyle behaviors, and proxy interview status. Our models predicting fair or poor health and major health decline in 2010 necessarily excluded respondents who died or were otherwise lost to follow-up (n = 1,456). For the models predicting mortality, we used a competingrisks analysis, where the dependent variable was coded 1 if a respondent interviewed in 2008 had died by 2010 and coded 0 otherwise, regardless of whether the respondent was interviewed again in 2010 or had dropped out of the panel but was presumed to be alive. Because attrition and mortality are complementary processes -where 1 event (eg, death) precludes the other (eg, attrition) -a competing risks analysis avoids selection on the dependent variable.
We used discrete-time hazard models to analyze mortality in preliminary analyses. Given that our analyses were limited to a 2-year follow-up, the estimated effects from the hazard models and logistic regression models were largely similar in both magnitude and statistical significance. Thus, in the interest of consistency across outcomes, we opted to present the logistic regression results in this study.
Finally, we applied the 2008 respondent-level sample weights provided by the HRS to all analyses to permit generalization of the results to the noninstitutionalized population. All analyses were performed using the SAS 9.3 (SAS Institute Inc) survey procedures to adjust for the complex sampling design. The institutional review board of Case Western Reserve University approved this study.
Results
Of 13,232 respondents in 2008, 26.5% were aged 55 to 59, 54.8% were women, and 81.7% were non-Hispanic white (Table 1) . Only 12.6% of the study population had no chronic conditions, functional limitations, or geriatric syndromes. Of those classified as MM1 (30.1%), 20.4% had a chronic condition, 0.9% had a functional limitation, and 8.8% had a geriatric syndrome. Of those classified as MM2 (31.3%), 4.5% had a chronic condition and a functional limitation, 23.6% had a chronic condition and a geriatric syndrome, and 3.1% had a functional limitation and a geriatric syndrome (Figure 2) . Overall, 26.0% were classified as MM3. The co-occurrence of conditions was common; 73% of older adults who had any chronic condition also had a functional limitation or a geriatric syndrome or both. In 2008, 10.0% of the respondents reported excellent health, and 26.8% reported fair or poor health. In 2010, 3,221 respondents reported fair or poor health (25.3%); 1,381 (10.6%) reported a major decline in health, and by 2010, 477 (3.8%) were lost to followup and 979 (5.7%) had died ( Table 1) .
The cross-sectional bivariate analysis indicated a strong association between multimorbidity and demographic characteristics and self-rated health in 2008 ( Table 1 ). The proportion of respondents classified as MM3 was more than 3 times greater in the oldest (≥85 y) age group than in the youngest (50-54 y) age group (57.0% vs 16.1%) and was higher among women than among men (31.2% vs 19.7%). Multimorbidity also varied significantly by race/ethnicity, sociodemographic factors, and lifestyle behaviors. The proportion of respondents classified as MM3 was significantly higher among respondents reporting poor health than among those reporting excellent health in 2008 (78.3% vs 4.1%). Conversely, the proportion of respondents classified as MM0 was significantly lower among those reporting poor health than among those reporting excellent health (0.4% vs 37.8%).
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Discussion
Our study shows a strong association between multimorbidity and prospective self-rated health status, major health decline, and mortality in a US-representative sample of older adults. This association highlights the importance of using such tools as the Comprehensive Geriatric Assessment (23) when evaluating the health of older adults. Clinical guidelines and disease management programs focus on single chronic conditions and fail to "account for the synergistic impact of chronic conditions occurring in combination" (24). Moreover, clinical research continues to be limited to healthier people, excluding those with multiple chronic conditions and making it difficult to further our understanding on how the accumulation of conditions influences disease burden (24).
The strength of our study lies in the representativeness of the study population; the HRS is an established source of data on the health and well-being of noninstitutionalized older adults. Furthermore, the large sample size allowed for a detailed examination of our study population. The strength and increasing effect size with higher levels of multimorbidity in relation to the study outcomes lend face validity to our measure of multimorbidity.
Our study has several limitations. First, to create a composite measure of multimorbidity, we dichotomized each measure of chronic conditions, functional limitations, and geriatric syndromes. We used this simplified approach to conceptualize multimorbidity as a proof of concept. Future studies should evaluate the benefits of accounting for these measures in more detail.
Second, as we derived multimorbidity, we were restricted by the variables in the HRS. Another database would have provided additional or fewer variables to derive multimorbidity. This raises a question on whether reconstructing multimorbidity from a different database and with varying definitions of the components of multimorbidity would yield comparable results. On the other hand, a prior study from our group (25) using data from the home health care Outcomes and Assessment Information Set among cancer patients also showed that multimorbidity, similarly defined as the occurrence and co-occurrence of chronic conditions, functional limitations, and geriatric syndromes, was associated with adverse outcomes.
Third, we note that our health measures were based on self-report rather than clinical assessment. However, high levels of agreement between medical records and self-report of chronic conditions have been reported (26).
Fourth, some of our sociodemographic variables continued to be associated with our outcomes of interest, even after adjusting for multimorbidity. For example, being black remained associated with fair or poor health but not with major health decline or mortality. In contrast, being Hispanic remained associated with fair or poor health and major health decline but not with mortality. Although variations may be expected, the lack of a consistent pattern in the associations across our study outcomes warrants further exploration.
In summary, multimorbidity, as redefined and conceptualized in this study, could be used to identify patients with heightened vulnerability for adverse health outcomes. Such patients might benefit from targeted interventions based on patient-centered care rather than disease-centered care. We propose that our measure of multimorbidity be subjected to a head-to-head comparison with risk-adjustment models that use solely claims-based comorbidity measures.
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